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(57) Abstract 



A method is disclosed for de-sulphurating a NOx trap in an engine and exhaust system which comprises heating the NOx trap (20) 
in a reducing atmosphere to a temperature at which sulphur is eliminated from the NOx trap by causing an exothermal reaction in the NOx 
trap between fuel-rich exhaust gases and additional oxygen introduced into the exhaust system upstream of the NOx trap. 
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Method of De-Sulphurating Engine Exhaust NOx Traps 

This invention relates to methods of de-sulphurating 
engine exhaust NOx traps. 

5 

One known technique for improving the fuel economy of 

internal combustion engines is to design the engine to 

operate with leaner fuel mixtures, that is with mixtures of 

air and fuel having oxygen in excess of that which is 
10 required to produce complete combustion of the fuel. Such 

engines are known as "lean-burn" engines. As is well known 

to those skilled in the art, air-fuel mixture are 

characterised by a X-value. For a given mass of air-fuel 

mixture, X is the mass of air (or oxygen) in the mixture 
15 relative to the smallest mass of air (or oxygen) required to 

complete combustion of the fuel. Thus exactly 

stoichiometric mixtures of fuel and air have X-values of 

1.0; lean air-fuel mixtures have ^-values greater than 1.0, 

and rich air-fuel mixtures have X-values less than 1.0. 

20 

In order to meet regulations regarding the emission of 
hydrocarbons, : carbon monoxide and nitrogen oxides (NOx) from 
internal combustion" engines, engine exhaust systems 
typically include a so-called three-way catalyst, which 

25 catalyses the combustion of those gases to water, carbon 
dioxide and nitrogen. Although conventional three-way 
catalysts perform satisfactorily on exhaust gases produced 
by 'stoichiometric "or fuel-rich mixtures, they are much less 
effective in treating NOx where the exhaust gases are 

30 oxygen-rich, as when an engine is operated with lean fuel 
mixture. For this reason, it has been proposed (as for 
example described in US-A-5, 388, 403) to incorporate a device 
known as a NOx trap in exhaust systems for lean-burn engines 
downstream from three-way catalyst. The composition of NOx 

35 traps is know to those skilled in the art and typically j 
comprises a mixture of salts of alkali metals (e.g. Li, K, 

Na, or Cs), alkaline earth metals (e.g. Ba or Cs) , i 

J 

) 
; . 
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lanthamdes (e.g. LA or Y) +-*-= ■ ,. ■ 

Cu\ .nH n K, ' transitlon metals (e.g. Fe or 

Cu) and noble metals (e a »+\ ^ a te or 

0 „k * k g ' fc) de P° s ited on an inert 

substrate such as alumina. 



10 



15 



20 



9 n wnicn additional fuel is introduced into th» 
exhaust system upstream of the No, trap to heat the no 
when the temcerai-nr,, w he NOx tr ap 

additional It I t ^ d " 3 """^ ni " imM - «" 

the NOx trap when it "el T" ^ ""^ *> 

maximum. US-A-5 388 ,06 d " ^ * 

ft o,JB8,406 discloses a NOx trsn i„,„ 

- el ectrioal eiement f or heatin, the NOx t p TZT^ 
operating temperature range. 

PeriodicauThtLT tt^rtrari 1 ; T * 



30 



35 



-Ue"^ite d I S t„ a T' " e P " Sent - — »«= —a i„ 

-p at l .th::: z:::: a r bsorbad by the n °* 

the sate conditions as NOx Conse T "* """^ mdn 
efficiency of the NOx trap'de ^ th * 

be further treated to *f* P . a " d *•» »°* trap must 

<* =°x, i.e. de suiPhurat abS ° rbed ^ "Nation 

- trap i„ . JX^T S ^ ^ 

sulphurating NOx traos <„ a Process for de- 

which the aL-fue re io of th" 91ne ^ " 

retro of the mixture fed to the engine is 
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automatically enriched with fuel when the temperature of the 
exhaust gases in the region of the NOx trap exceed 550°C/ 
thereby inducing the elimination of SOx from the NOx trap. 
This system suffers from the disadvantage that the de- 
5 sulphuration process is triggered only when the NOx trap 
reaches a predetermined temperature. The de-sulphuration 
process cannot therefore be induced at pre-determined time 
intervals, as part of an overall engine emissions control 
strategy. .. .. v.,\rc:. 

10 

As claimed in the present invention, a method of de- 
sulphurating a NOx trap in an engine and exhaust system 
comprises heating the NOx trap in a reducing atmosphere to a 
temperature at which sulphur is eliminated from the NOx trap 
15 by causing an exothermal reaction between fuel-rich exhaust 
gases and oxygen introduced into the exhaust system upstream 
of the NOx trap. 

The invention also provides an engine and exhaust 
20 system comprising an internal combustion engine having an 
intake through which a mixture of air and fuel cam be 
introduced into the engine for combustion, engine- control 
means for varying the. air-fuel ratio of the mixture, an 
exhaust system connected to the engine for receiving, exhaust 
25 gases from the engine, a NOx trap mounted; in the. exhaust •: . •> r 
system for removing nitrogen oxides from the exhaust gases, 
and a secondary air supply for introducing air into the? v 
exhaust gases upstream of the NOx trap, characterised in 
that the control means is arranged periodically to supply a • 
30 fuel rich mixture to the engine and simultaneously to supply 
secondary air into the exhaust gases so as to cause an 
exotherm sufficient to drive ■ sulphur-bearing contaminants 
from the NOx trap. 

35 Elimination of SOx from NOx traps does not normally 

begin until about 550°C. The NOx trap is therefore 
preferably heated to at least 550°C, and preferably 600°C. 



WO 98/27322 



PCT/GB97/03369 



- 4 - 



Over-heating o£ the » 0x trap must also ^ ^ 
to preserve the life of the catalyst and Us container. The 
HOx trap „ therefore preferably heated to a temperature no 
higher than 800°C. no 

to thl te r dUCi " 9 atn,OSph " e ™y b * ««fd by adding t uei " 
to the exhaust system. The source of fuel may be the enoine 
fue supply Une or alternatively, where the vehicle 

taT d th ' a l Uel . VaPO,lr t0 abS ° rb Vap °" ««- th. fuel 

tank, the additional fuel may be provided by p„r 9 i„ g the 

vapour trap. Preferably however the additional ruel L 
create by running the engine on a fuel-rich mixture, 
pree r by . ^ ^ , ^ ^ ^ 



In order that the invention may be better understood a 
preferred embodiment thereof win now be described, b "a y 
L whir """"" " — -ing dra y wi„g y s, 

Fi9ure 1 is a ' schematic drawing of an engine and 
exhaust system in- accordance with the present invention,- 

Figured is a -graph showing the variation in 
temperature, of a - NOx trap incorporated in the system of 



Figure 1 illustrates schematically an engine and 
exhaust system comprising a 1.8 litre .-cylinder gasoline 
internal combustion engine 1 having an intake 2 into whilh a 

rue ln ThTr"l SySte,n 3 intIOdUCeS 5 ° f -d 

fuel The fuel injection system 3 is operated by an 

electronic engine control 4 that permits the air-to-fuel 
retro of ratio of the mixture to be varied from fuel r h 
1 ' ' T^h ^ - !••) to lean 

gases from the engme are discharged 
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to the atmosphere. The exhaust system 10 comprises a 
catalyst unit 12 mounted in close proximity to the engine 1 
and containing a conventional three-way catalyst material 
capable of catalysing the combustion of hydrocarbons and 
5 carbon monoxide to water and carbon dioxide, and, when the 
engine is running under fuel-rich conditions, the reduction 
of nitrogen oxides (NOx) . A NOx trap 20, also of 
conventional construction is mounted in the exhaust system 
downstream from the three-way catalyst unit 12 to absorb any 

10 NOx in the exhaust gases not treated by the catalyst unit 

12- The NOx trap used in this example has a volume equal to 
150% of the swept volume of the engine 1, but in practice 
NOx traps of smaller volumes, for example 100% or the swept 
volume of the engine, may be used. In order to demonstrate 

15 the effect of the invention, four temperature sensors 23, 
24,25 and 26 are positioned in the NOx trap. The first 
sensor 23 is positioned immediately upstream of the NOx 
trap, the second sensor 24 is positioned 2.5cm downstream of 
the upstream end of the NOx trap, the third sensor 25 is 

20 positioned at the centre of the NOx trap sensor, and the 

fourth sensor 2 6 immediately downstream of the NOx trap. An 
exhaust gas oxygen sensor 27 is positioned immediately 
downstream of the NOx trap to monitor the oxygen content of 
the gases leaving the NOx trap. 

25 

A secondary air supply 30 is connected to the exhaust 
system 10 between the catalyst unit 12 and the NOx trap 20, 
and comprises an air filter 32, and air pump 34 and a 
control valve 36. The air pump 34 and the control valve 36 
30 are operated by the engine control 4. 

Under normal operating conditions the engine 1 runs 
with a lean air-fuel mixture. Hydrocarbons and carbon 
monoxide in the exhaust from the engine 1 are oxidised in 
35 the catalyst unit 12, but some NOx pass through the catalyst 
and are absorbed in the NOx trap 20. Traces of SOx passing 
through the catalyst unit 3 are also absorbed- in the NOx 
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trap. The engine control 4 is arranged to purge the NOx 
-P regularly of NO x by running the engine 1 ! ith a fuel - 

:::zti:e r N ::^rr 4 is aiso c °— * 

system 10 from the air pump 34 through the 
The amount of air added through the secondary air svsL 
sufficient to produce an overall air-fuel lit ~ " 
10 o •toichlctric. i.e. with a X-vaiue greater than 

10 i.0, preferably between 1.0 and 1 2 e a 1 i n 

fuel mixtures that are fu.l V J 61911 air " 

these win fuel-rich should be avoided since 

operate temperat „ e> ^ Qf 

;;:: t ndary air in the e * haust j the N0X trao 

ere .... an exotherm. raisino the temperature o£ J £ ^ 
sufficiently to eliminate SOx therefrom. P 

20 fuel-ricTlxt:; en9i " e ^ * 

system. Moreover the ! ' " fr <"" the ** h "st 

«' trap itaelf Insula that 1S1 " S , enVi ' 0nnent """" N0 * 
hvrf„ . ensures that any carbon monoxide and 

hydrocarbons in the exhaust g ases are oxidised. 
30 test „as r^iT^r^^^T-- 

::::::: ~r:v the ~ - ~ ~ 
s-ia 9 ti„ 9 dt:in7a c ::L° ~r: 

3 5 st:i n at d eT::Lr itiOTa - - — - « °" er 

atea va nation in vehicle sDeeri t/ u-, 
hour as indicated on the rioht h / kll ° metreS ? er 

Throughout this period \h ° '"^ ° f the ^ a P h ' 

this period, the engine was operated with a 
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stoichiometric air-fuel ratio, except for two periods Tl, 
from 160 to 250 seconds from start up and T2, from 530 to730 
seconds from start up, when the engine was operated with a 
fuel-rich mixture having a X-value of 0.8. 

5 

The temperature of the exhaust gas immediately upstream 
of the NOx trap as detected by the first temperature sensor 
23 rose steadily from ambient over the first 400 seconds of 
the test to a roughly constant level between 400 and 500°C, 
10 as indicated by the broken line 42. 

Referring now to the black-dotted line 4 3 in Figure 2, 
the temperature of the NOx trap 2.5 cm from the upstream 
end, as detected by the second temperature sensor 24 also 

15 rose to a final temperature of about 500°C over this period, 
but increased to a peak of 750°C during the period Tl and to 
a peak of almost 1000°C during the period T2, confirming that 
the mixture of secondary air and fuel in the exhaust gas 
during these periods produced an exotherm in the NOx trap. 

20 These exotherms were detected in the centre of the NOx trap 
20 and at the downstream end of the NOx trap by the 
temperature sensors 25 and 26, the outputs of which are 
shown respectively by the white-dotted line 43 and the 
chain-dotted line 44. Since the exotherm is* generated over 

25 the upstream part of the trap and the heat generated is then 
carried downstream by convection, the peak exotherms are 
detected later in the centre and downstream ends of the NOx 
trap, and the maximum temperature reached is lower in the 
middle of the trap than at the upstream end, and lower again 

30 at the downstream end. The rate of propagation of the 

exotherm through the trap depends upon the rate of flow of 
exhaust gases and the heat capacity of the NOx trap. In 
order to ensure that the NOx trap is fully de-sulphurated, 
the whole of the trap should be heated to the de- 

35 sulphuration temperature. As indicated in Figure 2, where 

the engine is being used in a typical urban drive cycle, the 
whole body of the NOx trap can be heated to a- temperature in 



10 



15 
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excess of 60fl°r 

~ "ur;; rir„r f rr t r/„n: th : No * ° £ 

»Ox trap of smaller volume ™ 90 C ° ™ ««««.. Where a 
purge the trap i„ a " e P° ssil =le to 

having a volume eouaHo hafo" th 

to tee^tap 0 ^" """J""- ° f - -seguent damage 

the NOx trap sLL 9 f " SUlPhU ""°"' "» temperature of 

crap should preferably be control!,^ e ~ 
exceed about 800°C and * COntrolled " as not to 

L ' and should-desirably be keot- 1-0 = 
operating temperature of 650-750=r~^ !• 
may be achieved by providing H .^ e - 9 - 3b ° Ut 700 ° C - ^his 
control unit 4 f ro m IT ' ^ t0 the 

engine control unit 4 hv Programed into the 

the temperature ote L ::! 3 / 0 """ 6 — 1 <° ••««». 
engine and using this ^ t con^o"! tT"" 0 " °' 
simultaneous enrichment of the £uel mL 

secondary air so that th V " 3nd deli very of 

-ntainld at l ^^ZZT^ *" » 

- control sof^re't:::^::: 1 :: 1 7 inciude 

the NOx trap by sulphur a „ d ^ *"* °' examination of 
cycle at appropriate ,„,. " ltlaCes a de-sulphuration 
only „he„ ^l r a ; a :" h t a 7 alS ' e - h =Vcle heing initiated 
3o temperature, which HMZZT normal operating 

-IphuttittxTrattT Pr ° VideS 3 - 

Period during n^h^ « ' 

"ith a fuel rich mixture h gine b y running the engine 

3* the exhaust immed y ^ rl^T"^ ^ '° 

<=xy upstream of the NOx trap. 



20 
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CLAIMS 

1 . A method of de-sulphurating a NOx trap in an 
engine and exhaust system comprising heating the NOx trap in 

5 a reducing atmosphere to a temperature at which sulphur is 
eliminated from the NOx trap by causing an exothermal 
reaction between fuel-rich exhaust gases and additional 
oxygen introduced into the exhaust system upstream of the 
NOx trap. 

10 

2. A method as claimed in claim 1, wherein the NOx 
trap is heated to a temperature of from 600° to 800°C 

3. A method as claimed in Claim 1 or Claim 2, wherein 
15 the fuel rich exhaust gases are produced by running the 

engine on a fuel-rich mixture of air and fuel. 



4. A method as claimed in Claim 3, wherein the 
mixture has a X value of 0.7-0.90. 

20 

5. An engine and exhaust system comprising an 
internal combustion engine (1) having an intake (2) through 
which a mixture of air and fuel can be introduced into the 
engine for combustion, engine control means (4) for varying 

25 the air-fuel ratio of the mixture, an exhaust system (10) 

connected to the engine (1) for receiving exhaust gases from 
the engine, a NOx trap (20) mounted in the exhaust system 
(10) for removing nitrogen oxides from the exhaust gases, 
and a secondary air supply (30) for introducing air into the 

30 exhaust gases upstream of the NOx trap (20), characterised 
in that the control means (4) is arranged periodically to 
supply a fuel rich mixture to the engine (1) and 
simultaneously to supply secondary air into the exhaust 
gases so as to cause an exotherm sufficient to drive 

35 sulphur-bearing contaminants from the NOx trap (20) . 
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